Background: Repository corticotropin injection (RCI) has regulatory approval for many indications, including symptomatic sarcoidosis. This large case series of patients with advanced symptomatic sarcoidosis treated with RCI describes patient characteristics, RCI utilization patterns, concomitant therapies, and physicians' assessments of treatment response. Methods: Patients ⩾18 years with symptomatic sarcoidosis, treated with RCI in the previous 36 months, who had completed a course of RCI or received RCI for ⩾6 months at the time of data collection were included. Results: The study included 302 patients (mean age, 51 years; 52%, women) with a mean 4.8 years since initial diagnosis of sarcoidosis. Most patients (76%) had extrapulmonary involvement, primarily in the skin (28%), joints (25%), heart (22%), and eyes (22%); 34% had multiple (⩾2) organ involvement. The mean duration of RCI treatment was 32.5 weeks, with 61.6% of patients continuing RCI therapy for ⩾6 months. The RCI utilization pattern indicated an individualized approach to therapy, with a higher starting dose associated with a shorter duration of therapy compared with a lower starting dose. The percentage of patients who used corticosteroids decreased from 61.3% during the 3 months before initiation of RCI to 12.9% 3 months after RCI therapy; the mean daily dose of corticosteroid decreased from 18.2 mg to 9.9 mg. The proportion of patients given <10 mg/day of prednisone increased from 21% before RCI use to 47% 3 months after RCI use. According to physicians' assessments of change in patients' health status after RCI therapy, overall status improved in 95% of patients, overall symptoms in 73%, lung function in 38%, and inflammation in 33%.
Introduction
Sarcoidosis, an inflammatory systemic granulomatous disease with unknown etiology, affects the lungs in 90% of patients and impacts mostly young and middle-aged adults. [1] [2] [3] [4] The disease can affect many extrapulmonary organs, including the eyes, joints, skin, liver, spleen, lymph nodes, salivary glands, heart, and nervous system. 1 Many patients (30-50%) are asymptomatic and are diagnosed upon detection of abnormalities during chest radiographs performed for routine screening. 4 Approximately 33% of patients with sarcoidosis present with constitutional symptoms such as fatigue, fever (usually low-grade), malaise, Repository corticotropin injection in patients with advanced symptomatic sarcoidosis: retrospective analysis of medical records night sweats, and weight loss; 30-50% have pulmonary symptoms such as dyspnea, dry cough, and chest pains. 1 Whereas most patients with sarcoidosis experience spontaneous remission, 10-30% have a chronic progressive disease that can cause severe organ impairment. 4, 5 The estimated overall incidence and prevalence of sarcoidosis in the United States (U.S.) are 8 and 60 cases per 100,000 persons, respectively. 6 Each year in the U.S., over 25,000 patients are diagnosed with sarcoidosis, and 185,000 seek medical care for the disease. 6 Rates of hospitalization for sarcoidosis increased by approximately 26% from 2005 to 2014 in the U.S.; during the same period, inhospital mortality associated with sarcoidosis decreased by approximately 26%. 7 Studies have reported mortality ranging from <1% to 8% for patients with sarcoidosis, with the variability attributed to factors such as care setting, disease severity, geographic location, age, ethnicity, and sex. 8 Pulmonary fibrosis with respiratory failure, cardiac complications, and neurologic involvement are the most common causes of death from sarcoidosis. 5 Prednisone and repository corticotropin injection (RCI; Acthar ® Gel; Mallinckrodt Pharmaceuticals, Bedminster, NJ, USA) are the only drugs that have the U.S. Food and Drug Administration (FDA)-approved indications for sarcoidosis. 9 Corticosteroids are the mainstay of systemic therapy for patients with symptomatic sarcoidosis. 2, 3 However, evidence links long-term and high-dose corticosteroid use with increased risk of adverse events (AEs) and higher health care utilization costs in various patient populations. [10] [11] [12] Other treatment options for sarcoidosis include off-label use of antimetabolites, immunosuppressants, tumor necrosis factor inhibitors, and antimalarial agents. 2, 13 Limited evidence supports the use of these agents in patients with sarcoidosis. RCI, a naturally sourced complex mixture of prolonged-release adrenocorticotropic hormone (ACTH) analogs and other pituitary peptides, acts through multiple mechanisms of action that include anti-inflammatory and immunomodulatory pathways. [14] [15] [16] RCI is one of the therapies used for patients with corticosteroid-refractory disease or intolerance for corticosteroids. 3, 13 Two small studies reported results with RCI therapy in patients with sarcoidosis. A retrospective chart review found that, of 29 patients who received RCI treatment for ⩾3 months, 11 (38%) had objective improvements in ⩾1 organ, 16 (55%) remained stable, and two (7%) relapsed after 6 months. 17 A small prospective comparison of two doses of RCI in 18 patients with advanced pulmonary sarcoidosis reported that, regardless of RCI dose, patients experienced significant reductions in prednisone dose and improvements in the diffusion capacity of the lung for carbon monoxide measurements. 18 More real-world data are needed to provide guidance on the optimal applications of RCI therapy for patients with sarcoidosis.
We performed this retrospective medical record study with a large case series of patients with symptomatic sarcoidosis treated with RCI. The objectives were to describe patient demographic and clinical characteristics, utilization patterns of RCI and concomitant therapies, and physicians' assessments of RCI effects on patients' health status.
Methods

Study design
To obtain a representative sample of patients, we merged a national database of RCI prescribers with the American Medical Association Physician Masterfile listing. We contacted a small randomized sample from the merged listing, via telephone and email, to invite pulmonologists, rheumatologists, primary care physicians, dermatologists, cardiologists, ophthalmologists, gastroenterologists, and neurologists. Physicians from different specialties were invited because sarcoidosis may impact organs throughout the body. Physicians who had treated at least one patient with symptomatic sarcoidosis with RCI during the previous 36 months were eligible for the study.
Data were collected on the last six consecutive patients seen by participating physicians who met the study's eligibility criteria. To ensure that highvolume sites did not dominate the sample, each eligible physician could contribute data on a maximum of six patients.
Patients
Eligible patients were adults (age ⩾18 years) with a diagnosis of sarcoidosis who had undergone treatment with RCI in the previous 36 months and who had a completely accessible medical record. Another key inclusion criterion was the completion of an individualized course of RCI (based on the disease severity and initial response of the patient) or having received RCI for ⩾6 months at the time of data collection. This criterion served to accommodate the chronic nature of sarcoidosis, which requires ongoing therapy, while allowing for a fair assessment of RCI after an adequate duration of therapy if the course of therapy had not concluded before data collection. Reasons for exclusion from the study were the absence of symptoms.
Data collection and analyses
Physicians or their designated staff persons extracted data from the medical records of qualified patients through a secure online system, with technical support available to clarify questionnaire items and minimize data errors. The data collection system incorporated real-time and post-survey data checks. The data collection process comprised a 5-min physician screener form (to ensure eligibility and agreement to participate) and a patient data collection form that took approximately 15 min per patient to complete. Data were anonymized, deidentified, and reported in the aggregate to protect patient and physician confidentiality. Collected data included demographic and clinical characteristics (e.g. comorbidities, concomitant medications, sarcoidosis symptoms, organ involvement), RCI treatment, and other medications for symptomatic sarcoidosis.
The planned sample size of ⩾300 patients was not based on formal statistical hypothesis testing because of the descriptive nature of the study. We tabulated data using IBM® SPSS Statistics version 22.0 (IBM Corporation, Armonk, NY, USA) and employed descriptive statistics to report findings. Descriptive statistics included mean ± standard deviation for continuous data and frequency count and proportion for categorical variables.
This study was based on pre-existing information that did not directly involve studies with human subjects. We used existing deidentified data and did not collect personal health information. An Institutional Review Board (Solutions Institutional Review Board, Little Rock, AR, USA) reviewed the study and verified it as exempt because of the lack of identifiers, use of existing data, and no direct contact with patients [45CFR46.101(b)(4): Existing Data & Specimens, No Identifiers].
Results
From September 2017 to November 2017, we screened 171 physicians, and 98 eligible physicians (57%) provided data on 302 patients with symptomatic sarcoidosis. The participating physicians specialized in pulmonology (n = 23, 23%), rheumatology (n = 18, 18%), primary care (n = 17, 17%), dermatology (n = 11, 11%), cardiology (n = 11, 11%), ophthalmology (n = 10, 10%), gastroenterology (n = 6, 6%), and neurology (n = 2, 2%).
Patient demographic and clinical characteristics
Patients had a mean age of 51 years, and 52% were women ( Table 1 ). The most common comorbidities were hypertension (40%), hyperlipidemia (28%), and diabetes (18%); 24% of patients had no comorbid conditions. Most patients (n = 193, 64%) had chest imaging and biopsy confirmation of stage 3 or stage 4 sarcoidosis, and many (n = 90, 30%) had been hospitalized for sarcoidosis during the previous 12 months. Some patients (n = 81; 27%) had concurrent use of all three of the major medication classes described: corticosteroids (⩾5 mg/day prednisone equivalent for ⩾60 days), nonbiological oral medications (e.g. hydroxychloroquine, methotrexate, azathioprine, leflunomide, mycophenolate, other nonsteroidal oral agents), and biologics.
All 302 patients (100%) had evidence of pulmonary involvement, 42% of patients had involvement in one extrapulmonary organ, and 34% had involvement in multiple (⩾2) extrapulmonary organs ( Figure 1a ). As shown in Figure 1b , the most common sites of extrapulmonary involvement were skin (28%), joints (25%), heart (22%), and eyes (22%).
Shortness of breath (43%), fatigue (42%), bone and joint pain (28%), wheezing/coughing (25%), and abnormal heartbeat (23%) were the most common signs and symptoms documented when patients started their most recent course of RCI therapy ( Table 2 ). Presented symptoms tended to be mild or moderate in severity. These treatment patterns suggest that physicians had adopted one of these RCI treatment approaches: a higher dose with a shorter duration or a lower dose with a longer duration.
RCI treatment patterns
Physicians tended to maintain patients on the initial dose of RCI; 79% of patients did not have any dose adjustments, 11% had a dose reduction, 3% had a dose increase, and 7% had multiple dose adjustments. Figure 2 shows medication use for the treatment of symptomatic sarcoidosis before, during, and after RCI therapy. During the 3 months before initiating RCI therapy, 261 patients (86%) had received other medication for symptomatic sarcoidosis, including oral corticosteroids (n = 185, 61%), biologics (n = 71, 24%), and antimalarial agents (n = 67, 22%). During RCI treatment, 141 patients (47%) used concomitant medications, primarily oral corticosteroids (n = 77, 25%), immunosuppressants (n = 36, 12%), and antimalarial agents (n = 38, 13%). At 3 months after RCI treatment, 65 patients (22%) used concomitant medications, primarily oral corticosteroids (n = 39, 13%), immunosuppressants (n = 20, 7%), and antimalarial agents (n = 18, 6%). These patterns suggest that reported concomitant medication use decreased during and 3 months after RCI treatment.
Concomitant medications
Among 258 patients (85%) with known previous corticosteroid exposure at any time before initiation of RCI therapy, 177 patients (69%) had received high-dose prednisone (⩾10 mg/day) for ⩾6 months. Information on prednisone dose was available for 179 of 185 (97%) patients treated with corticosteroids within 3 months before initiation of RCI treatment. These patients had a mean prednisone dose of 18.2 mg/day, and 37 patients (21%) had daily doses <10 mg. Dose information was available for 38 of 39 patients (97%) treated with corticosteroids within 3 months after RCI use. These patients had a mean prednisone dose of 9.9 mg/day, and 18 patients (47%) had daily doses <10 mg.
Physicians' assessments of improvement
According to physicians' assessments of change in patients' health status following RCI treatment (Table 3) , most patients (95%) had improved, and 164 patients (54%) had ⩾2 types of improvements in sarcoidosis symptoms. The most commonly reported types of sarcoidosis symptom improvements were overall symptoms (73%), lung function (38%), inflammation (33%), reduction or discontinuation of corticosteroid use (32%), and improved patient quality of life (32%).
Discussion
This retrospective analysis of RCI treatment patterns and outcomes included 302 patients with advanced symptomatic sarcoidosis, with a mean of 4.8 years since initial diagnosis. Most patients had signs of advanced disease, such as chest imaging and biopsy confirmation of stage 3 or 4 sarcoidosis (64%), hospitalization for sarcoidosis during the previous 12 months (30%), or concurrent use of the three major medication classes (i.e. high-dose corticosteroids, nonbiologic oral medications, biologics; 27%). Further, 76% of patients had extrapulmonary involvement, most commonly in the skin (28%), joints (25%), heart (22%), and eyes (22%). The mean duration of RCI treatment was 32.5 weeks (7.5 months), and 61.6% of patients continued RCI therapy for ⩾6 months. Our analysis of dosing and duration of RCI use indicated an individualized approach to therapy. Patients who received a higher starting dose tended to have a shorter duration of therapy than patients who received a lower starting dose. We also observed reduced use of other medications after initiation of RCI therapy. The percentage of patients who used corticosteroids decreased from 61.3% during the 3 months before initiation of RCI therapy to 12.9% after the start of RCI therapy. During the same period, the mean daily dose of corticosteroid decreased from 18.2 mg to 9.9 mg. The proportion of patients given <10 mg/ day of prednisone increased from 21% before RCI use to 47% 3 months after RCI use; 91 patients (50.8%) discontinued use of corticosteroids. According to physicians' assessments of changes in patients' health status at the end of RCI therapy, overall treatment response was observed in 95% of patients, symptoms improved in 73%, lung function improved in 38%, and inflammation improved in 33%.
Our study captured primary data from one of the largest sarcoidosis case series of patients. The two previous studies of RCI therapy in patients with sarcoidosis had small sample sizes and focused on the effectiveness and safety of RCI rather than the variability in the clinical use of the medication. 17, 18 Conducting a real-world study of patients using RCI is difficult because it is used in a small subset of patients with symptomatic sarcoidosis. The current study details RCI utilization patterns and quantifies the reduced need for background medication. Our findings add to the nascent literature on the effectiveness of RCI treatment for patients with advanced symptomatic sarcoidosis. These data are essential for generating new hypotheses to be tested in future studies.
Findings from our study are consistent with published studies such as A Case Control Etiologic Study of Sarcoidosis (ACCESS), which included 736 patients, 19 with the lung being the primary organ involved and skin being the second most common organ involved. However, our patient cohort had higher rates of extrapulmonary involvement for many organs including skin (28% versus 16%), eyes (22% versus 12%), and heart (22% versus 2%), compared with ACCESS respectively. 19 These findings suggest that, in our study, patients with extrapulmonary organ involvement were more likely to be treated with RCI. Further, given the higher rates of extrapulmonary involvement for our patient cohort and physician selection criteria, data were collected from a broad range of physician specialty types. On the contrary, previous studies have collected data primarily from pulmonary physicians. Our study reported improvements in health status and pulmonary function as well as reductions in prednisone dosing in patients with symptomatic sarcoidosis after initiation of RCI therapy. In a study by Baughman and colleagues, 17 of 29 patients who completed 3 months of RCI therapy, 38% had objective improvements in at least one involved organ and disease in the target organs improved in 10 of 14 patients with extrapulmonary involvement. However, the treatment response rates reported in our study are about 2.5 times higher than in the study by Baughman and colleagues. 17 This might be due to bias resulting from physician assessment. Baughman and colleagues reported reductions in prednisone dosages and improvement in lung function as measured by the diffusion capacity of the lung for carbon monoxide in patients who completed 24 weeks of RCI therapy. 18 Our study provides real-world evidence to support an individualized dosage strategy for incorporating RCI in the treatment of patients with advanced symptomatic sarcoidosis. Analysis of RCI dosing and duration revealed a trend linking higher starting doses with shorter treatment duration and lower starting doses with longer treatment. This individualized approach seemed to have worked well for the 95% of patients who had an 'improved' health status according to the physicians' assessments.
Another important treatment objective for patients with sarcoidosis is the reduction of background medications, especially oral corticosteroids, which are the first-line treatment for symptomatic sarcoidosis, although their long-term use can cause substantial toxicities. We observed reductions in corticosteroid use following RCI therapy in our study cohort. Effective and safe treatments that improve patient status may offer a viable alternative to reduce the burden of high-dose, long-term use of corticosteroids. Future research is needed to determine whether this is a useful therapeutic goal for clinical practice.
Limitations
The study is limited by its reliance on data retrospectively collected via a survey of respondents who had access to patient medical records, which might have had errors and omissions. We tried to minimize the impact of potential missing data by focusing on patients' clinical aspects and physicians' assessments, the types of information that are usually readily available in medical records or best known to the respondents who submitted data for our study. The study did not quantify patients' outcomes such as diagnostic measurements and safety endpoints. Further, because of its inherent retrospective design, there may be a risk of bias, resulting in overestimation of the effectiveness of RCI based on physicians' assessments. Because this was an exploratory and hypothesis-generating study, we did not make any comparisons between RCI and a control group or other treatments, which may also result in bias. It is important to note the following: RCI is indicated for symptomatic sarcoidosis; 15 RCI is included in treatment guidelines from the Foundation for Sarcoidosis Research; 11 and a phase IV, double-blind randomized placebo-controlled clinical trial is ongoing to examine the safety and efficacy of Acthar Gel in patients with pulmonary sarcoidosis (ClinicalTrials. gov Identifier: NCT03320070).
Another limitation is the use of the physicians' assessments of improvement in a patient's health status as a key descriptive endpoint to evaluate RCI therapy. This subjective endpoint relied on each individual physician's interpretation of each patient's medical record and the physician's standards for assessing improvement. We did not collect data on test results or other objective measures that physicians might have used to make their determinations. The retrospective and noncomparative study design did not allow us to discern whether patients were responding to known concomitant treatments or to therapies not known to the physician or not recorded in the medical records. The use of physicians' assessment may have underestimated the use of biologics in these patients; however, this cannot be fully ascertained from the current study.
Our study did not capture adverse reactions in this cohort of patients with symptomatic sarcoidosis undergoing treatment with RCI and various concomitant medications, including corticosteroids. The previously mentioned retrospective chart review by Baughman and colleagues reported that, within 3 months of initiating RCI, five patients discontinued treatment because of peripheral edema or agitation and six patients with the same AEs continued treatment after dose reduction. 17 One patient had skin hyperpigmentation that did not require RCI dosage modification, and none of the patients required changes in ongoing treatment for pre-existing diabetes or hypertension. Baughman and colleagues reported that, among 18 patients enrolled in the 24-week study of RCI treatment, 1 stopped treatment within 2 weeks because of toxicity, and 7 had RCI doses halved. 18 AEs reported by patients included jitteriness (n = 6), headache (n = 3), edema (n = 2), and nausea (n = 1). According to the prescribing information, the most common AEs associated with RCI treatment are fluid retention, changes in glucose tolerance, elevation in blood pressure, behavioral and mood change, increased appetite, and weight gain. Our study did not capture drivers of the decision to treat patients with RCI as well as detailed information on prior therapies (standard steroid-sparing agents such as methotrexate, leflunomide, azathioprine, mycophenolate, adalimumab, and infliximab).
The findings from our study may be generalizable to a broader population of patients with symptomatic sarcoidosis treated with RCI in the U.S. because we used probability sampling to obtain a nationally representative sample of patients. To achieve this goal, we used two national databases to obtain a random sample of 98 physicians who managed study-eligible patients. We then obtained a random sample of 302 patients under the care of these physicians.
Conclusion
We found that most patients treated with RCI responded to the treatment, especially with regard to symptoms, lung function, and inflammation. Further, patients with advanced symptomatic sarcoidosis received individualized RCI treatment that was associated with reduced use of other sarcoidosis medications, including corticosteroids. Our findings provide insights on patient characteristics and practice patterns to help clinicians determine appropriate use of RCI.
